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Abstract 
A chromosome microdissection and microisolation technique in combination with filter hybridization was 
developed for chromosomal localization of cloned chicken genes. The DNA was obtained from 
microdissected chromosome regions of metaphase spreads. Dissected DNA was amplified by 
polymerase chain reaction (PCR). The chicken MHC gene located on the nucleolar chromosome and β-
actin gene located on chromosome 2q were chosen as tests for the procedure and then detected by dot 
blot analysis using amplified chromosomal DNA probed with biotinylated DNA. The study establishes the 
technique of using chromosome microdissection and microisolation for localization of cloned genes as a 
complementary or alternative approach to both in situ DNA/chromosome hybridization and fluorescent in 
situ hybridization. 
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ABSTRACT A chromosome microdissection and 
microisolation technique in combination with filter 
hybridization was developed for chromosomal localiza-
tion of cloned chicken genes. The DNA was obtained 
from microdissected chromosome regions of metaphase 
spreads. Dissected DNA was amplified by polymerase 
chain reaction (PCR). The chicken MHC gene located on 
the nucleolar chromosome and 0-actin gene located on 
INTRODUCTION 
The chromosome microdissection and microisolation 
technique (M&M) in combination with filter hybridiza-
tion is described as a method for obtaining DNA from a 
specific chromosomal region for localization of cloned 
chicken genes. Physical microdissection of chromosomes 
from metaphase spreads is followed by microcloning to 
amplify DNA. The technique for microdissection and 
microcloning of DNA from Drosophila polytene chromo-
somes (Scalenghe et al., 1981) has been adapted to other 
species. The technique has been successfully applied to 
mouse chromosomes (Greenfield and Brown, 1987; 
Weith et al, 1987) and human chromosomes (Kaiser et 
al, 1987). Amplification of dissected and microcloned 
DNA made by polymerase chain reaction (PCR) (Mullis 
and Faloona, 1987) has been efficiently used to obtain a 
DNA library from band-specific chromosome regions 
(Senger et al, 1990). 
Several methods for chromosome localization of 
cloned genes have been applied to the chicken. Density 
gradient centrifugation and flow sorting combined with 
filter hybridization have been used to assign cloned 
genes to the macrochromosome and microchromosome 
classes (Wray et al, 1981; Symonds et al, 1986). Chicken-
Chinese hamster somatic cell hybrids in conjunction 
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chromosome 2q were chosen as tests for the procedure 
and then detected by dot blot analysis using amplified 
chromosomal DNA probed with biotinylated DNA. The 
study establishes the technique of using chromosome 
microdissection and microisolation for localization of 
cloned genes as a complementary or alternative ap-
proach to both in situ DNA/chromosome hybridization 
and fluorescent in situ hybridization. 
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with Southern blot analyses have been used to locate 
genes encoding serum albumin, phosphoglucomutase-2 
structural genes, and vitamin D binding protein to 
chicken chromosome 6 (Palmer and Jones, 1986). In situ 
DNA/chromosome hybridization (ISH) has been em-
ployed to localize endogenous viral loci (Tereba and 
Astrin, 1980; Tereba et al, 1981; Tereba and Lai, 1982), /3-
actin gene (Shaw et al, 1989), and growth hormone gene 
(Shaw et al, 1991) on chicken chromosomes. The 
fluorescent in situ (FISH) technique has been used by 
Dominguez-Steglich et al. (1992a,b) and Burke and Ponce 
de Leon (1994) to assign gene loci to chicken chromo-
somes. Both ISH and FISH have achieved high resolu-
tion localization of cloned genes in the chicken. 
In this study, two loci known to be on different 
chromosomes, the MHC locus on a microchromosome 
pair (Bloom et al, 1978; Bloom and Bacon, 1985) and (3-
actin locus on chromosome 2q (Shaw et al, 1989) were 
used to develop the M&M technique in the chicken. 
MATERIALS AND METHODS 
General Strategy 
A specific chromosome region was dissected from 
metaphase chromosome spreads and the chromosomal 
DNA was purified by extraction with phenol-chloroform. 
Chromosomal DNA was then cleaved with a restriction 
endonuclease to generate restriction fragments with a 5' 
overhanging end. A short DNA adapter with compatible 
ends, made from two complementary oligonucleotides, 
was ligated to chromosomal fragments at both ends. The 
adapter provided priming sites on each strand of 
(Key words: chromosome microdissection, chicken, chromosome, /3-actin, major histocompatibility complex) 
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restriction fragment permitting PCR amplification. Dot 
blot analysis of amplified, microdissected chromosomal 
DNA probed with biotin-labeled DNA was performed to 
determine presence of the genes. 
Metaphase Chromosome Preparations 
Chromosome spreads were prepared from avian 
leukocyte cultures from Minnesota Dominant Marker 
(MDM) male chickens (Shofmer et ah, 1993). Cultured cells 
were treated with a hypotonic solution, fixed in a 3:1 ethyl 
alcohol-acetic acid solution and air dried. 
Silver Staining 
Silver staining technique (Howell and Black, 1980) 
stained the nucleolar organizer region (NOR) black, 
identifying the nucleolar chromosome for microdissec-
tion. 
Chromosome Microdissection 
and DNA Amplification 
Chromosome microdissection, microisolation, and 
PCR amplification followed the strategy of Pirrotta et ah 
(1983) and Johnson (1990). Microdissection. was per-
formed using an inverted microscope (Zeiss IM35 and 
ICM4054 magnification, 20 x 40) with the aid of a LeitzS 
micromanipulator and glass needles. Dissecting needles 
were prepared from 1-mm diameter soda glass rods using 
a micropipette puller (Brown-Flaming, Model P-80)6 to 
give a tip tapering sharply to a fine point. Before 
microdissection, chromosome spreads were wetted by 
immersing slides in distilled water for 20 s to facilitate 
excision and adherence of chromosomal material to the tip 
of the glass needle. The chromosomal region of interest 
was scraped off and the dissected chromosome piece was 
transferred into 1 ixLMbol buffer (50 mM Tris-HCl, pH 8.0, 
10 mM MgCl2, 50 mM NaCl)? with a capillary tube 
containing 0.1% SDS and 0.5 itg/mL proteinase K. 
Capillary tubes, which allowed handling of the small 
amounts of solution during collection of dissected 
chromosome pieces and phenol-chloroform extraction, 
were made either from capillary glass tubing or capillary 
pipette tips sealed at one end. Capillary tubes were 
inserted inside 0.6-mL tubes for microcentrifugation. 
Reaction volume was increased over that used by Pirrotta 
et ah (1983) in order to avoid excessive microscopic 
manipulation. Twenty-five Ag-NOR chromosomes, esti-
mated at 0.4 pg DNA, and 37 chromosome 2q, estimated at 
4Carl Zeiss Inc., Hanover, MD 21076. 
5Leica, Inc., Deerfield, IL 60015. 
Gutter Instrument Co., Novato, CA 94949. 
7BRL, Grand Island, NY 14072. 
8Boehringer-Mannheim Corp., Indianapolis, IN 46250. 
9Perkin-Elmer Cetus, Norwalk, CT 06959. 
10MilliGen, Inc., Novato, CA 94949. 
"Oncor, Gaithersburg, MD 20877. 
3 pg DNA, were dissected from slides. The chromosome 
solution was extracted three times with an equal volume 
of phenol and once with an equal volume of chloroform: 
isoamyl alcohol (24:1). Then 1 /xL Mbol (1 unit/iiL)7 was 
added to the solution for 2 h at 37 C and a second aliquot of 
Mbol was added for another 2 h to digest chromosomal 
DNA. The Mbol-digested DNA fragments were ligated to 
Mbol adapters in a final volume of 10 iiL ligation buffer of 
66 mM Tris-HCl, 5 mM MgCl2, 1 mM dithioerythritol, 1 
mM adenosine triphosphate (pH 7.5) containing 100 pg 
Mbol adapter, and 0.1 units T4 DNA ligase8 for 16 h at 16 C 
in a DNA thermal cycler.9 The T4 DNA ligase was then 
inactivated at 68 C for 15 min. Ligation of a DNA adapter 
to each end of the chromosomal restriction fragments 
provided priming sites for subsequent PCR amplification. 
Following ligation, PCR was performed in a final volume 
of 100 pL reaction buffer (Perkin-Elmer Cetus AmpliTaq 
kit)9 containing 10 mM Tris-HCl, pH 8.3, 50 mM KC1, 1.5 
mM MgCl2,0.001% gelatin, 200 fiM of each (dNTP), 2 (iM 
primer (using the 20-mer component of the Mbol adapter 
as the primer), and 2.5 units of AmpliTaq DNA polymerase 
in the DNA Thermal Cycler. After the reaction mix was 
overlain with 50 /xL of mineral oil, the PCR began with a 
template melting step at 94 C for 5 min, followed by 30 
cycles of: melting at 94 C for 1 min, annealing at 52 C for 2 
min, and extension at 72 C for 3 min. After the last cycle, 
the polymerization step was extended by 7 min to 
complete all strands. The PCR products were extracted 
with chloroform and phenol, and stored at 4 C. Two 
microliters of PCR solution from the first round was 
subjected to a second round of PCR under the same 
conditions as above. The second round PCR solution was 
used for dot blot analysis. 
Construction of the Mbo/ Adapter 
The 24 and 20-bp oligonucleotides constituting the 
Mbol adapter were made from Biosearch 8750 DNA 
synthesizer,™ (5' GATCCCATGGTACCTTCGTTGCCG3' 
and 3' GGTACCATGGAAGCAACGGC5') and purified 
by HPLC. Only the 5' end of the 24-bp oligonucleotide 
component was phosphorylated during DNA synthesis. 
The Mbol adapter was reconstituted by heating a mixture 
containing 16 nmol of each oligonucleotide in 100 itL lx 
annealing buffer (0.1 M NaCl, 10 mM Tris-HCl, pH 7.8,1 
mM EDTA) to 70 C for 20 min, annealing at 57 C for 1 h, 
and then slowly cooled to room temperature (Maniatis et 
ah, 1982). 
DNA Probes 
A cloned B-L/3 chain gene of the MHC, 2.5-kb BamHl-
EcoRI DNA fragment (CCII-4-1) was cloned into a plasmid 
vector pBSM13 (Xu et ah, 1989) and supplied for this study 
by coauthor, S. J. Lamont. The CCII-4-1 DNA probe for dot 
blot analysis was prepared by digesting the recombinant 
plasmid DNA with EcoRI and BamHl, followed by 
isolation of the 2.5-kb DNA insert from low-melting-
temperature agarose gels (Ausubel et ah, 1987). The 
770-bp chicken /3-actin DNA probe in biotin-labeled form 
was purchased from Oncor.n 
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FIGURE 1. DNA dot blot analysis of amplified, microdissected chromosomal DNA. A) Total genomic DNA (top row) and amplified nucleolar 
chromosomal DNA (bottom row) were probed with the 2.5-kb BamHI-EcoRI fragment of CCII-4-1. B) Total genomic DNA (top row) and amplified 
chromosome 2q DNA (bottom row) were probed with the 770-bp DNA fragment of /3-actin. C) Total genomic DNA (top row), polymerase chain 
reaction (PCR) solution without addition of nucleolar chromosomal DNA (lower left corner), and amplified chromosome 2q DNA (lower right 
corner) were probed with CCII-4-1. D) Total genomic DNA (top row), PCR solution without addition of chromosome 2q DNA (lower left corner), 
and amplified Ag-NOR chromosomal DNA (lower right corner) were probed with /3-actin. 
Isolation of Genomic DNA 
A semimicro technique for avian DNA isolation from 
nucleated erythrocytes was followed (Andersen et dl., 
1987). 
Probe DNA Labeling 
The 2.5-kb CCII-4-1 DNA insert was labeled with biotin 
by nick translation using the BioNick Labeling System.7 
Biotin-labeled DNA probe was generated by resuspend-
12GeneScreenPlus, Du Pont, Wilmington, DE 19880. 
ing 1 tig DNA probe in 50 /xL of a reaction mixture 
containing 2.5 units DNA polymerase 1,0.038 units DNase 
I, 20 fiM each 2' deoxycytidineS' (dCTP), 2' deoxy-
guanosineS' (dGTP), 2' deoxythymidineS' (dTTP), 10 itM 2' 
deoxyadenosine5' (dATP), 10 /xM biotin-14-dATP, 55 mM 
Tris-HCl (pH 7.8), 5 mM MgCl 2 , 10 mM 0-
mercaptoethanol, 1 tig nuclease-free BSA. The reaction 
mixture was incubated at 16 C for 1 h and stopped by 
addition of 5 /xL of 0.3 M EDTA. 
Dot Blot Analysis 
The DNA dot-blot analysis was performed using the 
manufacturer's protocol12 to determine the presence of 
DNA markers in region-specific chromosomal DNA 
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sequences. Whole chicken genomic DNA and amplified 
microdissected chromosomal DNA fractions were dena-
tured, then spotted onto Photogene nylon membrane7 
using the Hydri-dot apparatus.7 The filter was then baked 
in a vacuum oven for 1 to 2 h at 80 C. Subsequent steps of 
hybridization, washing, binding with the streptavidin-
alkaline phosphatase conjugate, and signal detection were 
performed according to PhotoGene Nucleic Acid Detec-
tion System.7 After hybridization and washing, the filter 
was processed for chemiluminescent visualization of 
biotin-labeled probe DNA using Kodak XAR5 X-ray film. 
RESULTS 
Dot blot analysis of the genomic DNA and amplified, 
dissected chromosomal DNA samples probed with 
biotinylated CCII-4-1 and /?-actin DNA are shown in 
Figure 1. The dots on the top row of both Figures 1A 
and IB were hybridization signals from 2 and 1 ^g of 
genomic DNA, respectively. The dots on the bottom row 
of Figure 1A revealed the CCII-4-1 in both 200 nL 
second-round PCR samples of dissected Ag-NOR chro-
mosomal DNA. There was a slight difference in 
hybridization intensity of two dots due to variability in 
PCR reaction. The dots on the bottom row of Figure IB 
showed detectable /3-actin in 50 and 10 pL of second-
round PCR solution of dissected chromosome 2q DNA. 
The second dot was much fainter due to differences in 
loaded amounts of DNA samples. The amplified chro-
mosome 2q DNA and Ag-NOR chromosomal DNA 
were cross hybridized with CCII-4-1 and /3-actin, and no 
hybridizations were detected (lower-right corner of 
Figures 1C and ID). This procedure was performed 
repeatedly on amplified, dissected chromosome DNA 
samples, and all showed the same positive and negative 
results. The results were consistent with the preassigned 
locations of MHC on the nucleolar chromosome and /3-
actin on chromosome 2q. 
Second-round PCR products of chromosome 2q DNA 
and Mbol digested genomic DNA were visualized by 
electrophoresis on 1% agarose7 gel (Figure 2). The Mbol-
digested genomic DNA in Figure 2B showed a smear of 
DNA fragments shorter than the lambda/Hz'ttdlll 
4.4-kb fragment, but the second-round PCR products of 
chromosome 2q DNA in Figure 2A had a smear of DNA 
fragments shorter than the lambda/HmdIII 2.3-kb 
fragment, as the PCR optimally amplifies this size range 
of DNA fragments. The amplified chromosomal DNA 
also showed intermittent bands that may have resulted 
from PCR amplified polymers of self-ligated 24-mer 
oligonucleotides and redundant genomic DNA se-
quences. 
DISCUSSION 
The nucleolar chromosome, ranking about 17th in 
size with about 15 megabase pairs (Mb), was a 
fortuitous choice for microdissection because it could be 
dissected out as a whole chromosome (Figures 3A and 
3B). Thirty-seven pieces of chromosome 2q arm, about 
100 Mb, were secured to ensure as nearly as possible the 
recovery of all DNA sequences. The restriction enzyme 
Mbol with a four base pair recognition sequence was 
used to generate small DNA fragments of an optimal 
size range for efficient PCR amplification. To check for 
false positive signals in amplified, microdissected chro-
mosomal DNA, several hybridizations were performed 
as negative controls. The PCR solution with all compo-
nents except the chromosomal DNA was probed with 
CCII-4-1 and /3-actin, and no signals were seen (lower 
left coiner of Figures 1C and ID). Extensive depurina-
tion of the chromosomal DNA brought about by acetic 
acid treatment during fixation and PCR amplification of 
microdissected chromosomal DNA resulted in chro-
mosomal DNA fragments in a shorter length range 
(Figure 2). However, with bidirectional PCR, full 
coverage of chromosomal DNA sequences seemed 
probable. 
The synchronization of classical, molecular and physi-
cal mapping evidence will contribute to the completion 
of the chicken genome map. The M&M has a place in 
this effort as the isolation of DNA from specific 
chromosomes or regions of chromosomes provides a 
DNA resource for mapping the chicken genome. Chro-
mosome M&M may be used as either a complementary 
or alternative approach to either ISH or FISH. To 
identify the chromosomal location of cloned genes, the 
ISH or FISH technique can be used to hybridize the 
whole fixed chromosome complement with labeled 
DNA probes. Hybridization location can then be visual-
ized and approximated to a G-band idiogram designa-
B 
FIGURE 2. Ethidium bromide stained 1% agarose gel after 
electrophoresis of the second round of polymerase chain reaction 
(PCR) amplified products and Mbol digested genomic DNA. A) Lane 
2: the second round of PCR amplified products of chromosome 2q 
DNA. Lane 1: XDNA/HmdIII standard. B) Lane 2: Mbol digested 
genomic DNA. Lane 1: XDNA/HmdIII standard. 
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FIGURE 3. Illustration of the nucleolar chromosome used for chromosome microdissection. A) A chicken chromosome spread shows the 
nucleolar chromosome pair after silver staining. Bar = 10 urn. B) A glass needle enters into a microscopic field with a chromosome spread showing 
the nucleolar chromosome. Bar = 10 um. 
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tion. In contrast, the chromosome M&M isolates and 
amplifies DNA from specific chromosome regions that 
can be probed by labeled DNA. Each method has its 
advantages for gene mapping or other purposes. The 
FISH technique is efficient for establishing initial 
localization of cloned genes. Alternatively, M&M can 
provide region-specific chromosomal DNA libraries for 
repetitive probing by a battery of gene clones, as well as 
the nonfunctional genetic polymorphisms; restriction 
fragment length polymorphisms (RFLP), random ampli-
fied polymorphic DNA (RAPD), and variable number of 
tandem repeats (VNTR). This approach may prove 
useful for identifying quantitative trait loci (QTL) in 
genomic regions in which close linkage is required. If 
there are FISH-assigned cloned genes and anonymous 
DNA fragments in close proximity, the precise order of 
those DNA segments may be determined by the 
assembled, contiguous DNA clones established from 
sub-chromosomal libraries (contig map). Identification 
of individual microchromosomes is difficult because of 
their small size. There are about thirty (depending upon 
classification) of these smaller elements and several have 
been identified with marker probes. Those that have 
been identified can be microdissected, isolated, and 
probed by a battery of cloned genes as well as for the 
variable repeat DNA polymorphisms. The M&M 
method allows cytogenetically defined chromosomal 
DNA sequences to be directly accessed, manipulated 
and with high resolution genome analysis, can be a 
useful technique for studying genetics and breeding of 
domestic animals. 
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